Extended sedimentary sequences encompassing the Miocene/Pliocene boundary were continuously cored in the Tyrrhenian Sea (Hole 974B) and Balearic Basin (Hole 975B) during Ocean Drilling Program Leg 161, and investigated in terms of foraminifer (planktonic and benthic) high-resolution biostratigraphy.
INTRODUCTION
Our knowledge of the high-resolution biostratigraphy at the Miocene/Pliocene boundary is based mainly on land sections of southern Italy (Sicily and Calabria; Langereis and Hilgen, 1991; Sprovieri, 1992 Sprovieri, , 1993 Di Stefano et al., 1996) and on Site 653 in the Tyrrhenian Sea (Sprovieri, 1993; McKenzie and Sprovieri, 1990) . According to the most recent calibration, the Miocene/Pliocene boundary as defined in the Capo Rossello composite section (Hilgen, 1991) , falls at 5.33 Ma, five cycles below the Thvera Subchron and two cycles below the base of the Sphaeroidinellopsis acme range.
It is well known and documented (Ryan, Hsü, et al., 1973; Hsü et al., 1978; Cita et al., 1978) that the Mediterranean salinity crisis abruptly ended by the influx of Atlantic water, which invaded the different parts of the Mediterranean Basin at the beginning of the Pliocene. This sudden change from continental to marine sediments is clearly recognizable both in land and deep-marine sections where open-marine deposits lie on Lago Mare facies, testifying that this event occurred under subaqueous conditions. High-resolution stratigraphic studies of this interval revealed a series of paleoceanographic events between the termination of the salinity crisis and the re-establishment of a fully open marine connection with the Atlantic Ocean, which until now were not clearly understood. McKenzie and Sprovieri (1990) recognized three stages, each one indicative of an evolutionary phase of the earliest Mediterranean paleoceanography.
Holes 974B and 975B from Ocean Drilling Program (ODP) Leg 161 were investigated through foraminifer high-resolution biostratigraphy to test the completeness of the Pliocene sequence in the two western Mediterranean basins and provide new evidence of the paleoceanographic conditions at the Miocene/Pliocene (M/P) boundary in the central Tyrrhenian Sea (Site 974) and in the South Balearic Basin (Site 975).
Site 978, located in the Eastern Alboran Basin, should have been important to further knowledge of the M/P boundary in the eastern part of the western Mediterranean, but it was not analyzed because the recovery in the boundary interval was very poor (found in only the core-catcher of Core 45R, and there was no recovery of Core 46R). Regardless, the lowermost Pliocene recognized at 161-978A-45R-CC at 630 meters below seafloor (mbsf), belongs to Zone MP11.
MATERIAL AND METHODS
High-resolution sampling encompassing the Miocene/Pliocene boundary was conducted on board the JOIDES Resolution at closely spaced intervals of 10 to 20 cm throughout the latest Messinian and lower part of MP11, and 50 to 70 cm through the upper part of MP11 up to the base of MP12. Subsequently, additional samples were taken from Leg 161 cores at the Bremen Repository.
For the shore-based study, the 10-cm 3 samples were washed on 63-µm sieves and the residues larger than 125 µm were used for a quantitative study of the planktonic foraminifers. Approximately 300 specimens were counted to achieve a statistically meaningful distribution pattern. The benthic foraminiferal analysis is based on the total number of specimens (fraction >125 µm) and on semiquantitative analysis (<125-µm fraction). Where not specified, the benthic foraminiferal distribution discussed in this chapter is the fraction >125 µm.
The planktonic foraminiferal biostratigraphic scheme proposed for the Mediterranean by Cita (1973 Cita ( , 1975 and amended by Rio et al. (1984) and Sprovieri (1992 Sprovieri ( , 1993 ) was adopted.
BIOSTRATIGRAPHIC RESULTS

Hole 974B
Hole 974B is located in the central Tyrrhenian Sea (40° 21.362′N, 12°8.516′E) (Shipboard Scientific Party, 1996a ) very close to Site 652 (ODP, Leg 107) at 3454 m depth (Fig. 1) . The sedimentary sequence cored (late Messinian to Pleistocene) is 203 m thick. In the interval investigated, extending from 183.06 mbsf (161-974B-20X-6, 66-68 cm) down to 203.7 mbsf (bottom of the hole), 53 samples were analyzed (Table 1) . Samples 974B-22X-6, 66-68 cm, to 22X-4, 93-95 cm (2.73 m thick) are referred to the latest Messinian "non-distinctive" Zone (Iaccarino, 1985) ; Samples 974B-22X-4, 70-72 cm, to 20X-CC belong to MP11 Zone (15 m thick); Sample 974B-20X-6, 66-68 cm, belongs to MP12 Zone on the basis of the first common occurrence (FCO) of Globorotalia margaritae. The Miocene/Pliocene boundary is easily recognized through the abrupt change from barren to highly fossiliferous sediments and the strong variation of the CaCO 3 content (Fig. 2) . The color changes upward from brown to reddish (Fig. 3) . Drilling disturbances make the lithologic change difficult to see. Planktonic foraminifers are very abundant from the base of the Pliocene upward, but they are absent in the Messinian sediments (Table 2 and Appendix A). The major events recognized within this interval are the following:
1. The FCO of Globorotalia margaritae in the uppermost sample of the investigated interval (161-974B-20X-6, 66-68 cm) at 183.06 mbsf; 2. Within the range of predominantly dextrally coiled Neogloboquadrina acostaensis, two short shifts of N. acostaensis sinistral occur; the lower one from Sample 161-974B-22X-4, 70-72 cm, to Sample 22X-4, 14-16 cm, and the higher from Sample 974B-22X-3, 81-83 cm, to Sample 22X-3, 10-12 cm, for a thickness of 0.75 m and 0.70 m, respectively; 3. The CO of Globorotalia scitula dextral is considered, as Gr. margaritae, a "delayed invasion event" after the Pliocene flooding, at 197.20 mbsf (Sample 161-974B-22X-3, 10-12 cm); 4. The acme interval of Sphaeroidinellopsis (7.2 m thick) from Sample 161-974B-22X-3, 115-117 cm, through Sample 21X-5, 53-55 cm; and 5. A peak of abundance (14.1%) of Globigerina nepenthes occurs at 198.40 mbsf (130) (131) (132) . This acme, recognized by Zachariasse and Spaak (1983) , precedes the base of the Sphaeroidinellopsis acme.
Benthic foraminifers are rare at this site and therefore the quantitative study was not useful. Most taxa show scattered distribution; only few taxa are "dominant" and show a quite continuous distribution (Appendix B).
From the base of the Pliocene up to 198.55 mbsf (Samples 161-974B-22X-6, 66-68 cm, to 22X-3, 145-147 cm) benthic foraminifers are almost completely absent in the fraction >125 µm and only very rare specimens of Brizalina-Bolivina gr., Astrononion stelligerum, [34] [35] [36] [14] [15] [16] in the fraction <125 µm. 1   2   3   4   5   6   108   53   99  103  122  140  17  35   20  37  57  80  100  120  140  10  34  56  77   115  136  10  28  42  62  81  102  130  145  14  34  70  93  114  133   32  47  70  90  110  125  143 Biostratigraphy (Cita,1975, amend.) 0 10 20 30 40
Globigerinoides spp. (%) Figure 2 . Specific diversity of planktonic foraminifers, CaCO 3 , and Globigerinoides spp. curves in Hole 974B.
Some benthic "events" were recognized: 
Hole 975B
Hole 975B is located on the South Balearic Margin (38°5 3.786′N, 4°30.596′E) (Shipboard Scientific Party, 1996b) , not too far from Site 372 (Deep Sea Drilling Project, Leg 42) at 2200 m depth (Fig. 1) . The entire sedimentary sequence (late Messinian to Pleistocene) is 307 m thick. The investigated interval is 11 m thick, extending from Sample 161-975B-32X-3, 116-118 cm (at 296.70 mbsf), to Sample 161-975B-33X-CC, 10 cm, below which the evaporites occur. Samples 975B-33X-2, 132-134 cm, to 33X-3, 137-139 cm, belong to the "non-distinctive" Zone of Iaccarino (1985) . Samples 975B-32X-4, 40-42 cm, to 33X-2, 130-132 cm, are referred to MP11. Sample 975B-32X-3, 116-118 cm, belongs to MP12.
The quantitative study, carried out on 57 samples, was mostly concentrated on the interval between Sample 161-975B-33X-3, 137-139 cm, and Sample 32X-6, 116-118 cm (Table 3 ). The Miocene/ Pliocene boundary falls between Sample 975B-33X-2, 132-134 cm, and Sample 33X-2, 130-132 cm, at 305.23 mbsf, corresponding to a lithologic and color change (Fig. 4) . The CaCO 3 curve shows a strange pattern; in fact, the uppermost Messinian sediments are richer in CaCO 3 than the lowermost Pliocene sediments (Fig. 5) . Small clasts dispersed in the pelagic ooze characterize the very base of the Pliocene sediments (Fig. 6 ). Planktonic foraminifers are abundant, well preserved, and well diversified from the base of the Pliocene sediments (Table 4 and Appendix C).
The major events recognized within Zone MP11 are the following:
1. 
Cyclicity
According to Hilgen (1991) , sedimentary cyclicity is driven by astronomical parameters (precession, obliquity, and eccentricity). In Trubi sections exposed in Sicily, the cyclicity is clearly visible; Hilgen (1991) and Langereis and Hilgen (1991) demonstrated that these cycles are driven by precession periodicity. Sprovieri (1992 Sprovieri ( , 1993 , counting total Globigerinoides, found that abundance fluctuation shows a cyclicity that correlates well with the precession-driven sedimentary cycles. Therefore, we adopted this method to recognize the cyclicity at Sites 974 and 975, because the Pliocene sediments cored at these sites do not show any visible cyclicity.
Counting the fluctuations of the relative abundance of Globigerinoides spp., Sprovieri (1993) and Sprovieri et al. (1996) recognized ten cycles within MP11. The two sinistral shifts of N. acostaensis fall within Cycles 2 and 3 respectively, the acme interval of Sphaeroidinellopsis ranges from Cycle 2 to Cycle 6, and the FCO of Gr. margaritae occurs within Cycle 10. Based on these events in Holes 974B and 975B, several cycles were clearly identified in Zone MP11 (Tables 5, 6 ). However, sampling in the upper part of the zone was inadequate for the recognition of all cycles.
In Hole 974B, five cycles were recorded ( Fig. 7) : we suggest that the first cycle is missing, because here the base of the Pliocene is characterized by N. acostaensis sinistrally coiled, which correlates with the second cycle.
In Hole 975B, six cycles were recognized ( Fig. 8 ): Cycle 1 is recognizable below the first sinistral shift of N. acostaensis. Evidence of a more complete sequence in Hole 975B is the presence of a transitional interval in the underlying latest Messinian, which yielded a benthic assemblage missing in Hole 974B (Iaccarino and Bossio, this volume).
BENTHIC FORAMINIFERS AND CYCLES
Hole 974B
E. pusillus and E. exigua, which were found in Cycle 1 by Sgarrella et al. (1997) , are missing in the lowermost part of the Pliocene of Hole 974B (Fig. 9 ), which is in agreement with the absence of Cycle 1 recorded by planktonic foraminifers.
In Cycle 2, benthic foraminifers are almost absent up to 198.55 mbsf (Sample 161-974B-22X-3, 145-147 cm). In the upper part of this cycle, the benthic assemblage is dominated by O. stellatus (indicative of slightly low oxygen content, according to Sprovieri and Hasegawa, 1990 ) and Gyroidinoides spp., which indicates epibathyal depth (Caralp et al., 1970) .
In Cycle 3, K. bradyi first occurs, indicating well-oxygenated waters and bathyal depths (Van der Zwaan, 1982) .
In Cycle 4, the total abundance of benthic foraminifers increases in both >125 µm and <125 µm fractions, and G. subglobosa, Nonion spp., and Dentalina group first occur.
In Cycle 6, a further increase in the abundance of benthic foraminifers is recorded; all the taxa proportionally increase except for Dentalina group and G. gr. soldanii.
Hole 975B
In Hole 975B (Fig. 10) , the distribution of benthic foraminifers in the earliest MP11 correlates well with the cyclicity identified by planktonic foraminifers.
In Cycle 1, the presence of Brizalina-Bolivina gr., T. bradyi, E. exigua, and E. pusillus (the last one in the fraction <125 µm) indicates disaerobic bottom-water conditions (van der Zwaan, 1982) . Moreover, the high abundance of G. gr. soldanii and O. umbonatus suggests epibathyal water depth.
A similar distribution is reported by Sgarrella et al. (1997) in the basal part of the Trubi formation at Capo Rossello (Sicily) in Cycle 1; E. pusillus and E. exigua, are present, and G. soldanii and O. umbonatus are the best represented species in the assemblage >125 µm. Nevertheless, G. subglobosa, as reported by Sgarrella et al. (1997) is not present in Cycle 1 in Hole 975B. The presence of E. pusillus and E. exigua at the very base of Cycle 1 in Hole 975B confirm the opportunistic character of these species as reported by Smart et al. (1994) and Sgarrella et al. (1997) . The occurrence of E. pusillus and G. gr. soldanii, at the very base of the Pliocene in Hole 975B, indicates a transition from poorly oxygenated to more normal environments (Vismara Schilling, 1986; Mullineaux and Lohman, 1981) . The appearance of G. subglobosa and agglutinants (mainly K. bradyi, Martinottiella spp., and B. nodosaria) marks the base of Cycle 2.
The decrease of benthic specimens and the replacement of O. umbonatus by O. stellatus in Cycle 3 suggest less oxygenated water masses.
As in Hole 974B, the abundance of the total assemblage of benthic foraminifers in Cycle 4 increases. The distribution of Uvigerina spp. (mainly U. pygmaea-peregrina) from Cycle 4 upward and the increase in abundance of this taxon from Cycle 5 indicate a new depletion of oxygen bottom content (Lohman, 1978) .
In general, the recorded benthic assemblages in Holes 974B and 975B are quite similar to those reported by Sprovieri and Hasegawa (1990) and McKenzie and Sprovieri (1990) at Sites 652, 653, and 654 of ODP Leg 107 (Tyrrhenian Sea), but the benthic foraminifers are even rarer. In fact, the above-mentioned authors reported that the MP11 biozone is mainly characterized by the presence of Dentalina filiformis, G. soldanii, G. laevigata, G. subglobosa, O. stellatus, and U. pygmaea , and that the assemblage is not well diversified. Moreover, at the same sites, Hasegawa et al. (1990) recognized four zones in the Pliocene-Pleistocene interval; the lowest one (Zone I) is characterized by the dominance of Globocassidulina spp. (mainly G. subglobosa) , as in most samples in Hole 975B.
The distribution of U. pygamea-peregrina in Holes 974B and 975B correlates well with the U. pygamea-peregrina Event reported by Sgarrella et al. (1997) in the Mediterranean. In Hole 974B, the first occurrence of Uvigerina is immediately above the top of Cycle 6. It has a similar distribution to that indicated by the above-mentioned authors for the Sicilian sections and the Tyrrhenian Basin, in which the event starts from Cycle 6. In Hole 975B, the presence of U. pygmaea-peregrina starts from Cycle 3, but only at Cycle 4 does it be- McKenzie and Sprovieri (1990) and Sprovieri and Hasegawa (1990) , a low oxygen content characterizes the bottom waters of the Mediterranean Basin in the basal part of Zone MP11. However, the distribution of the benthic foraminifers sensitive to oxygen content shows variations that are not simultaneous in the Tyrrhenian and Balearic Basins, probably because of the different depths and physiographies of the two basins.
CONCLUSIONS
The basal Pliocene sediments are typical pelagic oozes composed mainly of planktonic foraminifers. At Site 975, however, in the first 2-3 cm of the Pliocene sediments, small clasts are present within the pelagic ooze, indicating terrigenous input. The benthic population indicates that at the beginning of the Pliocene, circulation was restricted in Hole 974B and was disaerobic in Hole 975B. Only later, when the connection with the Atlantic Ocean was well established, did the benthic fauna increase and become more diversified.
The paleoenvironmental change at the Miocene/Pliocene boundary is also recognizable through the lithology (mainly in Hole 975B) and carbonate content (mainly in Hole 974B).
The sedimentation rate was higher in Hole 974B than in Hole 975B and was constant for the entire Zone MP11 (Fig. 11) . The Miocene/Pliocene boundary is identifiable at both sites (no more than 0.2 k.y. are missing in Hole 974B) and correlates with that of the Capo Rossello composite section, which is five cycles below the Thvera Subchron. In fact, even if the paleomagnetic data are not available for these sequences, the position of the polarity change may be inferred through the biostratigraphic events and the Globigerinoides fluctuations related to the precession periodicity (Fig.12) . Figure 7. Events and abundance curves (%) of the most significant planktonic foraminifers in Hole 974B. Precession cycles listed on the right are well recognizable from Cycle 2 to Cycle 6. The upper boundary of Cycle 6 is dashed because the sampling is too loose in this interval and the boundary could be located above. Cycle 1 is missing.
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